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Abstract
We discuss neutrino parameters in addition with the effects of a Higgs boson of
mass ∼ 125 GeV in Split Supersymmetry with Bilinear R-Parity Violation. This
model allows for the explanation of neutrino masses and mixing angles, and has the
gravitino as Dark Matter candidate. We find constraints on the parameters in the
neutrino sector of the model by performing a numerical study of the parameter space,
and by fitting neutrino oscillation observables and the Higgs mass. In addition, we
study in detail the decay of the lightest neutralino in this model and we realize
the importance of the exact neutralino/chargino spectrum in the computation of its
branching ratios.
1 Introduction
It is an indisputable fact that the ATLAS and CMS Collaborations of the Large Hadron
Collider (LHC) have discovered a new particle [1–4], with mass near 125 GeV and con-
sistent with the Higgs boson [5–10] of the Standard Model [11–14]. Its measured value
has considerable impact on supersymmetric models, such as the Minimal Supersymmetric
Standard Model (MSSM). In addition, current LHC searches pushes supertparner masses
above 1 TeV [15–22]. This fact leaves the naturalness of the minimal theory in tension
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and points to an empirically favored supersymmetric scenario called Split Supersymme-
try (SS) [23, 24], where all sfermions are very heavy, placed universally at a scale m˜,
while charginos and neutralinos remain light. Although SS is unnatural by construction
and hierarchy is not longer a guiding principle (so the Higgs mass has to be fined-tuned),
this model retains unification of gauge couplings, naturally suppressed flavour mixing
and a Dark Matter candidate. For completeness, we mention also the alternative scenar-
ios Inverted Hierarchy [25, 26], High Scale Supersymmetry [27], and Intermediate Scale
Supersymmetry [28].
A very striking effect of Split Supersymmetry is the long lifetime of the gluino [29].
Since all squarks are very heavy, with a mass of order of the split supersymmetric scale
m˜, the gluino will decay via off-shell squarks, and with an increasing lifetime as m˜
increases. Searches have been made for long lived gluinos at the LHC with negative
results. CMS rules out gluino R-hadrons with mass mg˜ < 1 TeV if their lifetime satisfies
10−6 < τg˜ < 103 sec [30]. ATLAS rules out stable gluinos (gluinos that escape the
detector before decaying) with massmg˜ . 1270 GeV [31]. Searches with gluinos decaying
fast have been made at ATLAS also with negative results [16,32,33]. Analogous searches
by CMS give equally negative results, with gluino masses bounded from below by 1.26
TeV, unless the LSP has a large mass, in which case the bound decreases [34]. See
also [35–41].
If one allows R-parity to be not conserved, neutrino masses can be generated [42–46].
This can be done without introducing problems with too fast proton decay [47]. This is
so because neutrino masses need only Lepton number violation, while proton decay needs
both Lepton and Baryon number violation. Another issue to be considered is that, if R-
Parity is conserved, the lightest neutralino is a Dark Matter candidate [48,49], but this is
no longer the case if R-Parity is violated. Nevertheless, in models with R-Parity violation
the gravitino can be a good dark matter candidate since it can live longer than the age
of the universe [50–52]. If one ask the gravitino to be responsible for the positron excess
seen by the AMS2 experiment [53], then BRpV would not be enough [54]. Nevertheless,
it is not clear that the excess is due to Dark Matter [55], and gravitino as Dark Matter
candidate works as long as its mass is not larger than O(10) GeV [50].
In this article we study the implications of a Higgs boson mass of ∼ 125 GeV on
a Split Supersymmetric model, which includes R-Parity bilinearly violated terms (SS-
BRpV). It has been shown possible to accommodate the observed Higgs mass in SS,
which imposes constrains in the (m˜, tanβ) plane [56–58]. We check that in this case
the split supersymmetric scale m˜ is rather low (< 106 GeV). We also check that the
case tanβ = 1 is not ruled out, as it is in the MSSM, because of lack of cancellation
between quark and squark loops. The price to pay may be the divergence of the top
quark Yukawa coupling at scales larger than m˜ but smaller than MP . This does not
excludes the scenario, but implies the appearance of new physics at that scale.
We also discuss neutrino masses and mixing angles in SS-BRpV. Neutrino masses
arises in this model due to mixing in the neutralino/neutrino sector with the inclusion
of a gravity induced term [59]. We discuss how the effect of introducing a constraint on
the Higgs mass affects the model parameters, requiring that current experimental values
from neutrino physics given in [60, 61] are reproduced with a 95% confidence level. In
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particular, we see the model forces a strong dependence on the atmospheric and solar
neutrino mixing angles. In addition, we study in detail the two-body decays of the lightest
neutralino. We conduct a general scan of our available parameter space and realize the
importance in knowing the exact neutralino/chargino spectrum in the computation of
the neutralino branching fractions.
2 Split Supersymmetry and the Higgs Mass
The split supersymmetric lagrangian below the m˜ scale includes charginos, neutralinos,
plus all the SM particles, including the SM-like Higgs boson H [23, 24]. The lagrangian
looks as follows,
Lsplitsusy = Lsplitkinetic + m2H†H −
λ
2
(H†H)2 −
[
YuqLuRiσ2H
∗ + YdqLdRH + YelLeRH +
+
M3
2
G˜G˜ +
M2
2
W˜W˜ +
M1
2
B˜B˜ + µH˜Tu iσ2H˜d + (1)
+ 1√
2
H†(g˜uσW˜ + g˜′uB˜)H˜u +
1√
2
HT iσ2(−g˜dσW˜ + g˜′dB˜)H˜d + h.c.
]
,
In the gaugino sector we use as input the low energy values for the Bino and Wino
masses M1 and M2, and the higgsino mass µ. At a scale Mχ we decouple the gauginos
and higgsinos, such that below that scale the SM is valid. To calculate the Higgs mass
in this model we first need the RGE evolution of the quartic Higgs coupling, and second
the quantum corrections, that we approximate at one loop following a prescription for
the renormalization scale given in ref. [62].
In Split Supersymmetry a unification of gauge couplings is assumed [23]. We start
at the electroweak scale mZ with SM-RGE, changing at the scale Mχ to SS-RGE, and
changing again at the m˜ scale to the MSSM-RGE [24]. The initial condition is given by
the values of the gauge couplings g1, g2, and g3, at the weak scale. We calculate the elec-
troweak couplings with the help of α−1fin (mZ) = 128.962± 0.014 [63], and sin2 θw(mZ) =
0.23119 ± 0.00014 [64], namely g22 = 4piαfin/s2w and g21 = 5g′2/3, g′2 = 4piαfin/c2w. In
turn, the strong coupling constant satisfy g23 = 4piαs, with αs(mZ) = 0.1184±0.0007 [64].
The intersection of the three gauge coupling RGE curves defines the Grand Unification
scale MGUT . Since the unification is not perfect (within experimental errors), we define
MGUT as the average of the three meeting points.
Matching conditions at the scale m˜ between SS and the MSSM are,
g˜u(m˜) = g(m˜) sinβ , g˜d(m˜) = g(m˜) cosβ
g˜′u(m˜) = g
′(m˜) sinβ , g˜′d(m˜) = g
′(m˜) cosβ, (2)
The large difference that may appear between up and down g˜ couplings at m˜ is due to
the value of tanβ.
In fig. 1 we see the running of the Higgs quartic coupling λ for the set of input
parameters tanβ = 4, m˜ = 104 GeV, and Mχ = 300 GeV. The starting point is also at
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Figure 1: Running of the Higgs coupling λ, for tanβ = 4, m˜ = 104 GeV and Mχ = 300
GeV.
m˜ with the matching condition,
λ(m˜) =
1
4
[
g2(m˜) + g′2(m˜)
]
cos2 2β (3)
As we can see, the threshold at Mχ has just a small effect. The renormalized Higgs mass
includes the tree-level contribution proportional to the quartic coupling λ evaluated at the
chosen renormalization scale Q = mt, following ref. [62]. The value of the Higgs coupling
at the renormalization scale is λ = 0.264, leading to a Higgs boson mass mH = 125.3
GeV, consistent with observations from the LHC.
For extreme values like tanβ = 1, we can have a value for the Higgs mass consistent
with the experimental evidence, nevertheless, unification of gauge couplings fails because
the top quark Yukawa coupling becomes non-perturbatively large at a scale larger than
m˜. This fact can be seen in fig. 2 for different values of the SS scale. The fact that the
top Yukawa coupling diverges is an indication of new physics appearing at that scale.
The model ceases to be valid beyond that scale. In the figure we show also the threshold
at m˜. Below it, the SS-RGE controls the behavior of the top quark Yukawa ht and its
evolution is the same for any of the chosen values for m˜. After that threshold we switch
to the MSSM-RGE for ht which hold the following boundary condition,
hSSt (m˜) = h
MSSM
t (m˜) cosβ (4)
and this explains the discontinuity for ht at the threshold. We stress the fact that the
divergence for ht at a scale larger than m˜ does not invalidates the low scale SS model.
A Higgs mass compatible with experiments is obtained for a SS scale 104 . m˜ . 106
GeV, and any value of tanβ is possible (a SS model with m˜ smaller than 104 is not much
different to the MSSM). The fact that tanβ = 1 with m˜ ∼ 106 is consistent with the
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Figure 2: Running of the top quark Yukawa coupling ht for tanβ = 1 and several values
of the Split Supersymmetric scale m˜.
experimental measurements for the Higgs mass is an interesting fact, although already
noticed in the literature [24]. The price we pay in this case is that the top quark Yukawa
coupling becomes non-perturbative at scales larger than m˜ and as a consequence the
gauge coupling unification is lost.
In fig. 3 we have the Higgs-higgsino-gaugino couplings for the special case tanβ = 1.
From eq. (2) we see that in this case both couplings g˜ and both g˜′ are equal to each other
at m˜, and since RGE are also the same, the couplings remain equal, as can be seen in
the figure. From the values m˜ . 106 GeV we also expect in this case deviations of at
most 10%.
3 Neutrino Masses in Bilinear R-Parity Violation
If R-Parity is bilinearly violated, very little of the above conclusions are changed, since the
RGE are the same. In SS-BRpV, the decoupling of the sleptons induce BRpV couplings
between gauginos, higgsinos and Higgs, which at lower scales look like [65],
LsplitRpV = iH˜Tu iσ2Li − 1√2aiHT iσ2(−g˜dσW˜ + g˜′dB˜)Li + h.c., (5)
where ai are dimensionless parameters that characterize the decoupling of the sleptons.
These terms induce a neutralino/neutrino mixing when the Higgs field acquire a vacuum
expectation value,
LsplitRpV = −
[
iH˜
0
u +
1
2
aiv
(
g˜dW˜3 − g˜′dB˜
)]
νi + h.c. + . . . (6)
where v is normalized such that theW gauge boson has a mass mW = 12gv, thus v ≈ 246
GeV. In this way, the neutralino/neutrino sector in the basis ψ = (−iλ′,−iλ3, H˜0d , H˜0u, νe, νµ, ντ )
5
Figure 3: Ratio between the gaugino couplings and the gauge couplings, weighted by
sinβ or cosβ, as a function of the SS scale m˜, calculated at the weak scale for tanβ = 1.
develops a mass matrix that we write as follows,
MSSN =
[
MSSχ0 (m
SS)T
mSS 0
]
, (7)
where MSSχ0 is the neutralino mass sub-matrix,
MSSχ0 =

M1 0 −12 g˜′dv 12 g˜′uv
0 M2
1
2 g˜dv −12 g˜uv
−12 g˜′dv 12 g˜dv 0 −µ
1
2 g˜
′
uv −12 g˜uv −µ 0
 , (8)
and mSS includes the mixing between neutralinos and neutrinos,
mSS =
 −12 g˜′da1v 12 g˜da1v 0 1−12 g˜′da2v 12 g˜da2v 0 2
−12 g˜′da3v 12 g˜da3v 0 3
 . (9)
The mass matrix in eq. (7) can be block-diagonalized, and an effective neutrino 3× 3
mass matrix is generated,
Meffν =
v2
4 detMχ0
(
M1g˜
2
d +M2g˜
′2
d
) λ21 λ1λ2 λ1λ3λ2λ1 λ22 λ2λ3
λ3λ1 λ3λ2 λ
2
3
 , (10)
where the determinant of the neutralino mass matrix is:
detMχ0 = −µ2M1M2 +
1
2
v2µ
(
M1g˜ug˜d +M2g˜
′
ug˜
′
d
)
+ 116v
4 (g˜′ug˜d − g˜ug˜′d)2 . (11)
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The λi parameters in eq. (10) are defined as λi ≡ aiµ+ i.
We follow the model explained in ref. [59], where the solar neutrino mass is generated
by a non-renormalizable dimension 5 operator generated by an unknown quantum gravity
theory. The strength of this operator is characterized by the parameter µg, which has
dimensions of mass. Alternative scenarios are Partial Split Supersymmetry [65], where
the µg term is generated by uncanceled contributions from Higgs bosons, and SUSY
models with Trilinear Rp violation [66], where the µg term can be generated by the
trilinear couplings. In this context, the generated neutrino mass matrix is,
M ijν = Aλ
iλj + µg (12)
where A can be read from eq. (10). In this case, one of the neutrinos remain massless,
and the other two acquire the following mass,
mν2,3 =
1
2
(
A|~λ|2 + 3µg
)
± 1
2
√(
A|~λ|2 + 3µg
)2 − 4Aµg|~v × ~λ|2 (13)
where we have used the auxiliary vector ~v = (1, 1, 1). In ref. [59] it was proved that
the experimental results on neutrino physics force µg ≈ 3 × 10−3 eV. If we also have
µg  A|~λ|2, the atmospheric and solar mass squared are,
∆m2atm = A
2~λ4 + 2Aµg(~v · ~λ)2 +O(µ3g)
∆m2sol = µ
2
g
(~v × ~λ)4
~λ4
+O(µ3g) (14)
The value of A can be directly calculated from the R-Parity conserving parameters
Figure 4: Coefficient A as a function of tanβ for different values of the Mχ scale, with
a blow-up for lower values of |A| in the right frame.
we have been working with in the previous sections: tanβ, m˜, and Mχ, but with the
addition that m˜ is determined as a function of tanβ such that we get a Higgs boson mass
according to the experimental observation.
The result can be seen in fig. 4, where we have the value of A as a function of tanβ
for different values of Mχ. Both signs for A are possible, obtained by switching the sign
7
of the gaugino mass parameters. Absolute values of A can be of several thousands for
small values of tanβ as well as a few units (eV/GeV2) for large tanβ and large Mχ. It
is a characteristic of this model that the value of the Higgs mass measured at the LHC
forces large values of |A|. According to eq. (14) the atmospheric mass squared difference,
Figure 5: Values for |~λ| (left) and |~v×~λ| (right) as a function of tanβ for several different
values of Mχ.
which experimentally is ∆m2atm ≈ 2× 10−3 eV2, is to first order equal to A2~λ4, and this
allow us to calculate |~λ| in each of the scenarios defined by tanβ and Mχ. In fig.5-right
we have |~λ| as a function of tanβ for different values of Mχ. It increases with tanβ and
with Mχ because A does the opposite. Similarly according to eq. (14) the solar mass
squared difference, which experimentally satisfies ∆m2sol ≈ 8 × 10−5 eV2, is up to first
order equal to µ2g(~v × ~λ)4/~λ4, thus we can determine |~v×~λ| in each of the scenarios. We
see the result in fig.5-left, with a similar result compared to |~λ|, just typically twice as
large.
Now we can compute the atmospheric and solar mass squared differences, which can
be seen in fig. 6. We notice that, independently of the allowed value of the mass squared
differences, the Higgs mass grows with m˜. Neutrino mixing angles depend on the values
of all the λi. For a diagonal charged lepton matrix, these are given by [59]
sin2 θreac =
λ21
|~λ|2
, tan2 θatm =
λ22
λ21
, tan2 θsol =
(λ22 − λ1λ2 − λ1λ3 + λ23)2
(λ21 + λ
2
2 + λ
2
3)(λ3 − λ2)2
. (15)
On fig. 7 left we see atmospheric angle against m˜ for different values of our scale Mχ.
We notice that values of sin2 θatm close to the mean ∼ 0.5 are harder to find than the
extremes in this model. This is because the Higgs mass constraint disfavors points in the
parameter space where λ1 = λ2, for which we have sin2 θatm = 12 . This can be seen on the
right side of fig. 7. Notice that our scan always respects neutrino experimental values,
where the criteria used is that each of the 6 observables lies within its 3σ experimental
range, and then we compute the normalized χ2 function with respect to the best fit, given
the experimental results in [60, 61]. We show on fig. 8 the dependence of the solar and
reactor angle against m˜ for different values of our scale Mχ. We notice that small values
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Figure 6: Values for ∆m2atm (left) and ∆m2sol (right) as a function of m˜ for different
values of the allowed Higgs mass.
Figure 7: Values for sin2 θatm as a function of m˜ for for several different values of Mχ
(left). We also show the dependence of sin2 θatm with the BRpV parameters λ1 and λ2
(right).
of sin2 θreac are favored, as expected in BRpV, while there is a less clear dependence for
sin2 θsol.
9
Figure 8: Values for sin2 θreac (left) and sin2 θsol (right) as a function of m˜ for several
different values of Mχ.
We also notice the heavy dependence between the solar and atmospheric angles in
this model on fig. 9, quite independently of the value of Mχ and without fixing any of
the other parameters of the model. We conclude that SS-BRpV can still deliver a good
agreement with all experimental bounds.
Figure 9: Allowed region in the sin2 θsol-sin2 θatm plane for several different values of
Mχ.
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Parameter Minimum Maximum Units
tanβ 1 50 -
Mχ 200 1100 GeV
m˜ 104 1010 GeV
λi −0.1 0.1 GeV
µg 0.002 0.004 eV
Table 1: Scanned ranges for SS-BRpV parameters.
4 Lightest Neutralino Decay
Another striking issue in supersymmetric models with violation of R-Parity is the insta-
bility of the lightest neutralino, which means that it is not a good candidate for Dark
Matter. In these models, the gravitino is also unstable, but with a long lifetime and
potentially it is a good candidate for Dark Matter [67,68]. On the other hand, since the
bilinear violation of R-parity provides an explanation for neutrino masses, the smallness
of these ones implies that the RpV couplings must be relatively small, and hence, the
BRpV decay rates are small. In this footing, Neutralino decay rates are related to the λi
parameters, which in turn relate these decays with the neutrino observables. If supersym-
metry is realized by Nature and the lightest neutralino is observed, a precise measurement
of its decay modes will be required. In the following, we study the branching ratios for
the processes,
χ01 −→ Zν` , χ01 −→W` , χ01 −→ hν` (16)
where ` is any of the three leptons.
Neutralino decays via sfermions are suppressed by the large sfermion masses. In Split
Supersymmetry squarks and sleptons are heavy, and they are assumed to have a mass of
the order m˜. This scale is large, and the best approach in order to avoid large logarithms
is to decouple heavy particles at that scale. Charginos and neutralinos are not necessarily
as heavy, and in our approach we decouple them at a common scale Mχ  m˜. However,
individual charginos and neutralinos, in practice, may have a mass different than Mχ
depending on the actual values of the parameters M1, M2, and µ.
In order to study the allowed parameter space for the lightest neutralino decay, we
perform a general scan, by varying the free parameters of the model as indicated in table
1.
In addition, we allowM1,M2, and µ to randomly vary above the decoupling scaleMχ
according to the rule p = Mχ + rW , where p is one of these parameters, r is a random
number between 0 and 1, and W is a window of variation that we take as 5%, 15%, 25%,
or 50% of Mχ. For each of these windows, the lightest neutralino branching ratios are
computed. In order to have consistency with the measured Higgs mass, we also impose
a mass range for the SM Higgs of 124 < mh < 127 GeV. Furthermore, the best-fit values
for neutrino oscillation physics, as given in the references [60, 61] have been used in this
calculation. Under these conditions, the results for the branching ratios are shown in
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fig. 10.
Figure 10: Branching ratios for the lightest neutralino as a function of the neutralino
mass, with a decoupling scale Mχ. Neutralino/chargino parameters M1, M2, and µ
are allowed to vary within 5% (top left), 15% (top right), 25% (bottom left), and 50%
(bottom right) of Mχ, as explained in the text.
From the figure, we clearly see the importance of the exact spectrum of neutral and
charged fermions of the model. If the neutralinos and charginos have a mass close to
a common scale Mχ, then the lightest neutralino decay via neutral particles dominates.
Nonetheless, the situation is less clear if the spectrum is more spread out, and this is
the case when we take an increasing window W where the parameters associated to
these fermions can lie. This result highlights the necessity to decouple the gauginos and
higgsinos independently.
In turn, at fig. 10, we see that the channel to charged particles may become relevant
when compared to the other channels insofar the W window is enlarged. In order to
study this channel, in fig. 11 we adopt a spread of 15% and the three branching ratios
χ01 →W±`∓i for ` = e, µ, and τ are shown as a function of the lightest neutralino mass.
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We see that, for each of the points, the branching ratio χ01 → W±e∓ is suppressed.
This indicates that the term quadratic on λ dominates over the µg term, since a small
BR(χ01 → W±e∓) is associated to a small value for the neutrino reactor angle θ13 [69].
The other two branching ratios can be as large as 20-30%, and any of both can be the
largest.
Figure 11: Branching ratios BR(χ01 → W±`∓) as a function of the neutralino mass for
the scan described in the text.
In order to have a better appreciation of the dependency of the three branching ratios
we are studying, in fig. 12 we fix all the parameters with the exception of M1, plotting
the BR as a function of the neutralino mass. We choose to fix the parameters as it
is indicated in table 2 within a spread of 25%. We see again that BR(χ01 → W±e∓)
is suppressed, and for the chosen parameters BR(χ01 → W±µ∓) > BR(χ01 → W±τ∓),
which lie between 10% and 25% (passing through zero) for a neutralino mass varying
between 880 and 940 GeV.
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Parameter Value Units
M2 1010 GeV
M3 1500 GeV
µ 1020 GeV
tanβ 2.21 -
Mχ 895.31 GeV
log10 m˜ 4.65 GeV
λ1 0.00110 GeV
λ2 0.00526 GeV
λ3 −0.00456 GeV
µg 0.00304 eV
Table 2: Chosen parameters for fig. 12.
Figure 12: Branching ratios BR(χ01 → W±`∓) as a function of the lightest neutralino
mass, with parameters fixed in SS-BRpV according to table 2. The vertical dotted lines
show the value for the lightest neutralino mass where the curves hit zero, at Mχ1 ∼ 912
GeV, and the value of the scale Mχ.
One particular feature on fig. 12, is that the three lepton branching ratios go to zero
at the same value of Mχ1 , in this case, around 912 GeV. In order to understand this
zero, we study the neutralino couplings to the W boson. The general coupling is given
by fig. 13.
14
F+j
W F 0i = i γµ
[
OwncLij
(1−γ5)
2 +O
wnc
Rij
(1+γ5)
2
]
Figure 13: Neutralino coupling to W boson in SS-BRpV.
If we focus on F 0i → χ0i and F+j → `+j in the WF 0F+ vertex, the couplings become
OwncLij → Owχ`Lij and OwncRij → Owχ`Rij , with
Owχ`Lij = g
[
Ni2ξ
j1
L +
1√
2
Ni3
(
ξj2L − ξj3
)
− 1√
2
(Ni1ξj1 +Ni2ξj2 +Ni4ξj4)
]
≡ O˜wχ`Lj λi
Owχ`Rij = 0 (17)
The quantities Nij are the components of the 4 × 4 matrix that diagonalizes the
neutralino sector in the neutralino-neutrino mass matrix. The quantities ξijL and ξij , that
parametrize the chargino-charged lepton and neutralino-neutrino mixing respectively, can
be found in ref. [68] and from their definition we see that the couplings in eq. (17) are
proportional to the parameters λi defined below eq. (11). If we make the following
approximations: (i) motivated by the graph itself we assume the lightest neutralino is
gaugino-like, (ii) we neglect the running of the g˜ parameters, and (iii) we assume that
v M1 ∼M2 < µ, we obtain,
O˜wχ`Lj ≈
gvcβ
2
√
2µM2
(g′N11 + gN12) (18)
We see that the coupling in eq. (17) is proportional to λi and to O˜
wχ`
Lj . In generating
fig. 12 we have kept λi constant, thus the whole coupling ofW to charged fermions goes to
zero at a point independent of the charged lepton because the combination (g′N11+gN12)
goes to zero. In other words, the neutralino does not couple to theW gauge boson at this
point. The fact that the neutralino decay mode to charged leptons may be suppressed
in this model has implications on the choice of the decay mode in searches at the LHC.
5 Summary
We have studied the effect of a Higgs boson of mass 124 < mH < 127 GeV, motivated
by measurements at the LHC, on a Split Supersymmetric model with Bilinear R-Parity
Violation. We have checked that the Higgs boson mass forces the split supersymmetric
scale to be rather low, m˜ < 106 GeV, with a smaller influence from the gaugino mass.
Any value of tanβ within 1 < tanβ < 50 is allowed, including the special case of
tanβ = 1, which holds possible as long as we give up gauge coupling unification, with
extra new physics appearing at the scale (> m˜) where the top Yukawa coupling becomes
non-perturbative.
15
We constrain neutrino parameters in this model, given the experimental results on
neutrino observables and Higgs mass. We find that independently of the allowed value
of the mass squared differences, the Higgs mass grows with m˜ and rather small values of
m˜ are preferred, given the Higgs mass constrain. We also notice the effects of imposing
a Higgs mass constrain in the neutrino mixing angles. We find a striking dependence be-
tween the solar and atmospheric angles in this model, where strong constrains on sin2 θsol
limits sin2 θatm quite independently of the chargino/neutralino decoupling scale. We still
find points in the allowed parameter space in good agreement with all experimental
bounds.
Finally, we have studied the two-body decays of the lightest neutralino in detail, in
particular, the effects of the exact spectrum of neutralinos and charginos and their de-
coupling. In general, the neutralino branching ratios are dominated by the channel to
neutral particles, but insofar the exact spectrum is more spread around a larger decou-
pling scale, there may be other hierarchies for the neutralino branching ratios where the
channel to charged particles may be more relevant. This issue indicates that the decou-
pling of charginos and neutralinos should be performed taking into account their exact
spectrum. In addition, we conclude that future decaying neutralino searches at the LHC
in this model should focus first on decays to neutral fermions.
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